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The present investigation had as its ultimate objective
the complete synthesis of l,2,3,4-Tetramethylcyclobutadlene-l,3,
following a proposed mechanism described In the theoretical
part of this thesis* Its Immediate purpose was to study the
extent to which the first steps in the proposed mechanism
would succeed, and, with the results to modify (if necessary)
or proceed with the reactions that should finally produce
the compound. The results of this study and a proposed
modification are given in this thesis.
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PART I
THEORETICAL
Until 1880, organic chemists held the general view that
carbocycllc compounds with rings smaller or larger than the
six-membered type (the first of the class to be made)
could not existThis view seemed to have been Justifiable
because all attempts, prior to this time, to synthesize such
rings had been fruitless, and they had not been found in
nature. On the theoretical basis of the stereochemical
character of the carbon atom, it was also reasonable that the
smaller rings, at least, could not be made from carbon atoms
having the rigid tetrahedral form which had been successfully
used in solving other structural problems.
The special interest and recognition which have come to
be directed on ring compounds in subsequent years wore natural
consequences of the succession of events* - championed by men
2 3 4 5
like Markownikoff , Freund , Perkin , Baoyer and others -
^Reynold C. Rison, ”0rganic Chemistry,” ed. H. Gilman,
Wiley and Sons (New York, 1943), Vol. I. p. 66.
♦For a historical survey, see ”Attempted Preparation of
2,3-Dlmethylcyclobutene," (Unpublished Master's thesis by
Dorothy Hood, Atlanta University, 1947)*
^Markownikoff and Krostownikoff, Ber.. 12, 1489 (b) (1881).
^Freund, Ber,. 15. 2362 (b) (1882).
^Perkin, Ber.. 3^ 1793 (1883); 18, 3246 (1885).
^Baoyer, Ber.. 2777 (1885).
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which revolutionized chemists' ideas and paved the way for the
syntheses of ring compounds smaller and larger than the
slx-membered type,
Carbocyclic compounds are classified, on the basis of
their behavior, as alicycllc or aromatic, Bamberger^
suggested the term "alicycllc" (aliphatic cyclic) from the
fact that the known carbocyclic substances with 3»4»5»7,8,9
or more ring members resemble, to a great extent, the
open-chain compounds, either of the saturated, or, if the
ring contained doubly bound carbon atoms, of the unsaturated
type.
Until recent years there seemed to have been no
agreement on the definition of aromaticity which has been
7
variously' associated with the peculiarly unreactive double
bonds of the benzene nucleus. Fifty seven years after the
8
historic discussion by William Tilden in 1888 on the
9
characterization of benzene. Baker , as a Tilden Lecturer
for the British Association, gave aii illuminating definition
of the aromaticity of another group of carbocyclic compounds -
^Bamberger, Ber,, 22, 769 (1889)•
*^(a)G-llman Wright, Ghem, Reviews 11. 323 (1932),
(b)L, Pieser, "Organic Chemistry," ed, by H, Gilman
Wiley and Sons (New York, 1943), Vol. I, Ch. 3.
®Tllden, J, Chem, Soc. 53, 888 (1888),
%aker, J, Chem, Soc, 258 (1945)
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the cyclic non-henzenoid unsaturated type. His statements on
this type of compounds appear not only to challenge the
unique position hitherto held hy benzene as a cyclic aromatic
compound whose stability and tendency towards saturation are
results of its hybrid character, they also indicate the
theoretical Importance of a class of cyclic hydrocarbons
which exhibit a similar aromatic stability.
According to Baker’s observation, a molecule is of an
ai*omatic type if it is a cyclic unsaturated compound containing
at least two conjugated double bonds which behave in such a
way as to bring about a stabilization of the molecule by
resonance. Such a molecule would show greater stability than
if its double bonds had been fixed and purely ethylenic in
character. Of the compounds that show such aromatic stability
and properties, cyclobutadiene should be one of the simplest.
10
In 1905* Willstatter and von Schmaedel , by the thermal
decomposition of cyclobutyl trimethyl ammonium hydroxide
prepared cyclobutene which was then converted to the dlbromo
cyclobutene. It was expected that by the treatment of this
product (l) with protassium hydroxide at 100-105“, cyclobuta-
dlene would be obtained. !nie workers isolated the monobromo-
cyclotutene (ll), but upon further reacting this latter
product with the al^li at 201* , in the hope of obtaining the
desired hydrocarbon, acetylene was produced.
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Another recorded attempt to prepare cyclobutadiene was
that undertaken by Buchman^^ and his associates in 1942, By
duplicating Willstatter's method, they attempted the thermal
decomposition of trans-1,2~cyclobutane-bis (trlmethylammonium)
hydroxide (prepared by the stepwise methylatlon of
trans-l ,2-dlemiinocyclobutane) in the hope that this would lead
to the formation of cyclobutadiene, Their attempt, as
illustrated by the following equations, showed no Indication
of the production of the diene; rather, under the various
conditions that the decomposition was conducted, dlmethylamine.
11
Buchman, et al., J, Am, Chem, 3oc. 64 , 2701 (1942),
5
trimethylamine, cyclobutane and trans-l,2-blB (dimethylamino)-
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The results of these two attempts at the preparation of
cyclobutadiene do not, in any way, prove that cyclobutadiene
is incapable of existences they seem rather to indicate that
under the drastic conditions of the latter steps in either
of the processes, cyclohutadlene is very unstable. Viewed on
the background of Baeyer's attempt^ to explain the different
stabilities of ring compounds by his Strain Theory, and from
the behavior of cyclopropane and cyclobutane, cyclobutadiene
would be expected to show instability under drastic conditions,
since the angular strain in the molecule would be greater
6
than that in either of the other two molecules* A recent paper
12
by Coulson and Moffitt from stability and strain energy
calculations for cyclopropane, cyclobutane, cyclobutadiene and
cyclobutene gives further evidence in support of this fact.
For a molecule such as Baker defines, the increased
angular strain could be compensated, in part, by the resonance
interaction between its conjugated double bonds. Thus there
would exist the possibility of preparing cyelobutadlene if the
final reactions leading to its production are not too vigorous.
Very few attempts to produce cyclobutadiene or its
derivatives are claimed in chemical literature. In 1899»
Lauser , by digesting phenyl proplolic acid with phosphorus
oxychloride, obtained a compound which, a year later, was
14
characterized by Manthey as the anhydride of
l,2-dlphenylcyclobutadlene-3, 4-dicarboxyllc acid. An identical
compound together with two other derivatives, namely, 3-acetyl-
l-phenyl-4-methyl-l, 3-cyclobutadiene-2-carboxylic acid and
dlphenylcyclobutadlenyl malonate, were reported by Ruhemann and
Ig
Merriman. They suggested their proposed formulae for these
compounds wore highly speculative, having obtained no adequate
^^Coulson and Moffitt, Chem. Abstract. 41. 3368 (1947).
^^Lauser, Ber.. 32. 2478-2481 (1899).
^^anthey, Ber.. 33 . 3081 (1900).
^%iuhemann and Merriman, J. Chem. Soc. 87» 1583 (1905).
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chemical evidence about them* A year later, Ruhemann showed
conclusively that the proposed structure for the second of
these derivatives was Incorrect*
Blphenylene Is another compound which can structurally
bo considered as a derivative of oyclobutadlene* Several
unsuccessful attempts and claims to produce this compound have
17
been made since the earliest work on It was done* In 1941,
18
however, Lothrop , after unsuccessfully repeating an earlier
attempt In this line, finally succeeded In preparing and
establishing the structure of the compound by distilling
blphenylene lodonlum Iodide (I) with cuprous oxide according
to the following scheme(
^^Ruhemann, J* Chem* Soc* (Tr*) 6^, 682 (1906)*
17
Hosaeus, Brit* Abstracts. 66, 17 (1894)*
^^Lothrop, J. Am* Chem* Soc* 63, 1187 (1941)*
8
Molecular weight determination.'; in benzene and camphor for the
product (II) was in agreement with the formula for biphenylene
rather than for such dimolecular isomers, like tetrabenzo-
cyclooctatctraene, which had previously been reported by
former workers* The product, he found, fonned colored
picrates with sharp melting points* A more convincing
evidence in favor of the structure for biphenylene was the
ready oxidation of the substance to phthallc acid (III) by
the action of chromic oxide; this was evidence establishing
an ortho substitution in the benzene nucleus.
In order to further establish his structural fonnula for
9
biphenylene and also to confirm that the dehalogenatlon
reaction used to prepare it, as illustrated above, could be
accepted as general, Lothrop Investigated several similar
cases. Theoretically, it should be possible, using the same
processes, to prepare another derivative of cyclobutadiene,




Lothrop found a complete agreement between his predictions
and experiments since the products he obtained through the
different routes were identical and yielded identical picrate
derivatives; they gave analysis and molecular weight
deteralnatlons compatible with the proposed formula for
2, T-dimethylblphenylene, The formation of highly colored
picrate derivatives in either case seem also to confirm a fused
system of three rings.
This agreement added considerable weight in support of
the observation that the cyclobutadiene ring may not be too
strained to exist, and may be stabilized, if it is fused with
two benzene rings as in biphenylene. It appears also that if
the hydrogen atoms in the parent cyclobutadiene molecule are
replaced with larger groups like the methyl, phenyl, carboxyl
or other large groups whose steric influence would not put
too much strain on the structure, a great deal of stability
may be maintained. This was the idea which stimulated
interest in the present investigation, the primary object of
which has already been stated.
The investigator knows of no record that describes a
previous attempt in the line Just proposed. The steps in the
production of l,2,3,^tetramethylcyclobutadiene, here
described, are built upon well known chemical processes, and
the success of the whole synthesis is predicated on the effective
ness of two of these, namely, the dimerization process resulting
from the action of a free radical in solution, and
11
the Wurtz prooees of ring closure* Regarding the former, the
extensive work done by Kharasch and his collaborators on
reactions of atoms and free radicals in solution has in-
19
dlcated that with the proper choice of the solvent molecule,
dimerization is the principal fate of the "residual” free
radical resulting from the cleavage of a univalent atom by
the ("initial") methyl free radical from the parent molecule.
With such accumulated evidence as a guide, and bearing in
mind the high selectivity of this radical in cleavage reactions,
the steps here to be described were outlined. With the Wurtz
20
process, the sterlc factors involved and the low yield that
it invariably gives with rings of the cyclobutane series, were
some of the serious problems considered.
The starting compound in this synthesis was ethyl methyl
ketone which was to be transformed into the corresponding
21
cyanohydrin by the familiar Killanl cyanohydrin synthesis.
22
Ultee had done much work on the cyanohydrin products of
several aldehydes and ketones and in all such cases the direct
method was adopted. Owing to the toxity of hydrogen cyanide,
the indirect method of introducing the -GN group, via the sodium
^^Eharasch and Gladstone, J* Am, Chem, Soc,, 65. 15, (19^5)*
20Ru25icka et al, Ber,, 9. 499 (1926),
2%illanl, Ber,, 19. 767 (1886),
^%ltee, Brit, Abstracts, 96 , 293 (1909)*
12
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bisulfite addition compound of the ketone, was adopted In
this investigation. It was proposed to dehydrate the
cyanohydrin by passing its vapor over activated alumina. This
method of dehydration has been extensively used, with
(a)
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in the dehydration of plnacol.
23meister, Ber,. 4^ 980 (1871).
24
L, Pleser, "OrKanic Chemistry.” Heath and Co,, (Boston,
1944), p. 54 .
13
It seemed, however, to he Ineffective in this investigation
hecause the cyanohydrin decomposed even when its vapor was
passed (at a reduced pressure of 15 mm.) over the catalyst
maintained at a temperature as low as 200*. A modification of
25
a method used by Kon and Nagrund for the dehydration of
hydroxyesters with phosphorus pentoxide was resorted to,
although it was impossible to obtain good yields of the
unsaturated nitrile due principally to polymerization*
The addition of one mole of chlorine to the olefine thus
formed yielded 2,3-dlchloro-2-cyano-butane,
26
Work done by Gladstone on the selective behavior of the
methyl free radical in solution has established the facts that
bromine atoms alpha to a carboxyl carbon are cleaved in
preference to hydrogen, smd that hydrogen atoms alpha to a
carboxyl carbon are cleaved in preference to bromine atoms in
the beta or gamma positions* In this light if the 2,3-dlbromo-
2-cyano compound were obtained, the action of the methyl free
radical on it would possibly be as follows:
H GH3 u CH3




H GH3 CH3- 9 “ ^ - GN
(ii) 2CH3- C - C - GN ► ^^ CK-f-i CN
^^on €md Nagrund. J. Chem* Soc*. 2461 (1932)*
^^Gladstone, M, T*, Ph* D* Dissertation, University of
Chicago, 1947<
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A former attempt in this laboratory by MoBay to obtain
this dibromo compound had failed because the compound lost
a mole of HBr upon distillation under diminished pressure.
The step (c) in the above outline was therefore undertaken
in the hope that the methyl free radical would show a similar
behavior towards the dichloro as it would on the dibromo
compound. This treatment was expected to yield the dimeric
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CH3- C - 9 - CONH2 HoAaaxm CH3- C - C - NH2
(i) (IV)
CI^~ 9 - 9 - CONHg Reaction
H CH3
GHo- C - C - HHj,* i iHs ®
«)
CH3- C*C - CH3
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H NHg
CHg- C**^C - CHg
Upon treatment with zinc dust in an appropriate solvent, the
four-membered cyclic compound 1,2,3,4-tetramethyl-l,
2-dicyanobutane (II) was expected, and this when hydrolyzed
should yield the dicarboxylic acid (III).
This acid was then converted to the corresponding
27
diacid amide and by the Hofmann reaction the amide could be
degraded to the corresponding diamine derivative,
1 »2,3»4-tetramethyl-l, 2-diaminocyclobut8uae (IV). Evidence
for the possible success of this step is given from work done
28
by Buchman and his associates on the degradation of the cis -
and trsuis - derivatives of cyclobutanediearboxyllc acid.
29
Besides using the Hofmann process, they adopted the Curtiua
degradation which had the added advantage of directly converting
^’^Hofmann. Ber.. (a) 2d± 2725 (1881); (b) 1^ 407 (1882).
28Buchman, et al., J. Am. Chem. Soo., 64. 2696 (1942).
^^(a)Curtlus, Ber.. 27. 778 (1894).
(b)P. A. Smith, "Organic Reactions.” ed. R. Adams,
Wiley and Sons (New York, 1947), Vol. III. Ch. 9.
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the acid, over the amide intermediates, into the corresponding
diamino derivative.
The final step in this synthesis involves the heating of
compound IV in the hope that it will lose two moles of
ammonia. Should it show a high stability an alternative step
was to convert the diamine to a glycol by the action of
nitrous acid and then dehydrate the product by any of the
methods previously described.
Reactions With Free Methyl Radical
The free methyl radical is believed to be the most
reactive cleaving agent of all the alkyl free radicals. Unlike
the free ethyl, propyl or butyl radicals it does not appreciably
disproportionate when generated in solution. It will cleave a
30
primary hydrogen in a compound containing the -ON group , and
will attack bromine atoms alpha to a carbonyl group in
51
preference to hydrogen . Its very high reactivity and
selectivity make it a very useful tool in dimerization reactions.
Methods for the effective production of this radical
have been well established by many workers. In this
investigation it was produced by the thermial decomposition
in solution of dlaoetyl peroxide which was prepared according
5®Smith, V. Master's Thesis, University of Chicago {1945)*




to the method of Gambarjan with some refinements suggested
33
by Kharasch and his collaborators.
The decomposition of diacetyl peroxide in organic solvents
34
is assumed to take place in the following manner. First,
the peroxide decomposes into carbon dioxide, a free acetoxy
radical and a free methyl radical. In the second stop the
free methyl radical reacts with a molecule of the solvent to
produce a molecule of methane, and a residual free radical





C - 0 -
u
0 - G - GH3 2G02 t 2CH3C - 0
(2)* 2CH3. + 2U»H ^ 2GH4 -t- 2U*
(2a) 2CH3* 2U1GI ^ 2CH3C1 + 2U*
(3) 2U* > UtU
*
U is the orgaziic residue.
Prom these equations it follows that for every two moles
of the hydrocarbon TJ:H (or D:C1) with which the free methyl
radical reacts, there are produced two moles of methane
^^GsunbarJan, Ber.. 42 , 4010 (1907).
^%cBay, H. C., Doctor's Dissertation, University of
Chicago, 1945.
5^ey and Waters, Chem. Reviews. 21. I60 (1937).
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(or methyl chloride) Eund a corresponding one mole of a
dimer U :U.
Decomposition of Dlacetyl Peroxide In
^-C.yano-2, 3~Dlchlorohutane and
2«.Cyano-*2~Mopochloi*obattoe
The decomposition of dlacetyl peroxide in these two
compounds is described in the experimental part and the
results are summarized in tables I and 2,
An examination of the tables shows that both methane
and methyl chloride are fonned in each of the reactions; the
quantity of the former product, per mole of peroxide used,
being greater than that of the latter in each case. This
suggests that the free radical exercises its selective
property, but that in either case there seems to be a greater
tendency for It to cleave a hydrogen atom than the chlorine
atom in the same molecule. Thus for the first compound the
following reactions may be envisaged*
H 9H3
(1) CH3- C - C - GN + •CH3
Cl Cl
9’ CHa- C - C - CN + CH4.
Cl Cl
H GH3
(la) GHg- G - C - C» + -CHg
Cl Cl
19
(2) 2CH3- G -
Cl
H
(2a) 2CH3- C •
Cl












c - C - CN
CH3



















- CHCH3. - Cj
Cl
ch¬
ug - c - c - CHj
Cl Cl
GH3










Similarly, for the second compound, the following could be
proposed:
H 9H3 H CH3
(3) CH3- C - C - CN t *^3 » CH3- C - C - CN + CH4
H Cl • 61
H CH3 H
(3a) CH3- C - C - CN + -CHg > CH3- C
H Cl H
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H
H CHg
CHo- C - C - CN^ I
H
I
CH,- G - C - CN3 I I
H CH3
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CH3 H
H CH3 CH3 H CH3
(4c)ZCH3- C - 9 - CN ► CH^9 - C - CN -f CH3- C - C - CN
•
Cl H Cl H Cl
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The equations I and la, for the one reaction, and 5 and
3 a, for the other. Illustrate the possible effects of the
methyl free radical on the solvent molecule. These proposals
are based on the relevant facts previously discussed here.
There Is thus the possibility that the residual free radicals
produced In either reaction dimerize as shown in the pair of
equations 2,2a and 4, 4a, respectively; it is also possible
that mixed dimers (as shovm in the equations 2 b and 4 b
respectively) were also produced as a result of the proposed
residual free radicals in either reaction dimerizing. Another
possible result of this reaction is the disproportionation
of the residual free radicals in I and 3; this possibility is
illustrated by equations 2 c and 4 c respectively.
It is reasonable to believe, in the face of these results,
that the dimeric pi^oduct obtained in either case was an
admixture of the products proposed in equations 2, 2a, 2b
and 2 c for the one, and equations 4, 4a, 4b and 4 c for the
other, A separation of the components proposed here was not
attempted, but the results of the halogen and melting point
determinations for the crystalline portions of the products
seem to support this view.
The results of these reactions with the free radical
are far from the expected, and there was therefore a need for
modification in the procedure. They, however, seem to
33
support the belief that molecules may exist containing both
hydrogen and chlorine atoms in which one of the two is more
22
activated, and therefore more susceptible to cleavage by the
methyl free radical, than the other.
TABLE I
DECOMPOSITION OF DIACETYL PEROXIDE IN
2-CYANO, 2-3-DICHORO BUTANE AT 105*
Reactants: M. W grama moles
Diacetyl Peroxide 118
2-cyano, 2-3-dichloro butane 152
17. 20 0. 145
130. 65 0. 8595
Products:
Methane, 2.204 liters S.T.P












♦Calculated from equation (2) p. 19.
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TABLE 2
DECOMPOSITION OF DIACETYL PEROXIDE IN
2-CYANO-2-MONOCHLORO BUTANE AT 100*
Reactants: M. W. grams moles
Dlacetyl Peroxide 118 45.0 0.3814
2-Cyano-2-monochloro Buteuie 117.5 116.5 0.9914
Products:
Methane, 6.41 liters, S. T. P. 16.1 4.58 0.2845
Methyl chloride, .402 1, ” 50.5 0.90 0.0178
Carbon Dioxide 44 22.5 0.5114
Resin 34.6
0.^54Dimer 233* 1.2
Methyl Acetate 74 0.0459
Suggested ModifloatIona
After studying the results of the reaction of the methyl
free radical with 2, 3-dichloro-2-cyano-hutane, it was
considered necessary to prepare a monochloride from the
hydroxy-nitrile. This was accomplished by reacting the nitrile
35
with thionyl chloride following the method by Newman for the
chlorination of 0-methyl benzyl alcohol. A fairly good yield
of the resulting product, 2-cyano-2-monochloro-butano was
obtained. The action of the methyl free radical on this
^Calculated from equation (4), p. 20.
^^ewman, J. Am. Chem. Soc.. 62 , 2298 (1940).
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compound has been discussed.*
During the course of this investigation it was realized
that a x>ossible alternative approach to the unsaturated
nitrile** would be to convert tlglic aldehyde to the oxime,
36
possibly by a method such as has been used by Johnson and
Golentemek. This can then be dehydrated with acetic anhydride
37
according to the method described by Mowry and Momer for
the dehydration of methaerolein oxime.
From the result of the reaction with the methyl free
radical on the two chloro compounds, it would be more reasonable
to hydrochlorinate the unsaturated nitrile. By this precaution
the chlorine atom would be Introduced at the beta carbon atom
and should the nitrile behave according to the observations
by Smlth^^ regarding the reaction of the methyl free radical
on nitriles, the hydrogen of the reactive carbon atom should
be cleaved in preference to that in the beta position. This
should give axi isomeric dimer to that given in equation (e)***,
although the coupling would occur at carbon atoms bearing the
-ON groups.
An entirely different approach, other than one based on
*See pp, 18-20.
**See p, 12; equation (b).
^Johnson and Golentemek, J. Am. Chem. Soc.. 59. 365
(1937).
^"^Mowry and Momer, J. Am. Chem. Soc.. 69. 1831 (1947).
***Seo p. 12.
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the cycllzatlon of a dimeric product previously described,
38
proposes to start with 1, 2-dimethyl succinic ester which
might be prepared by running a Wurtz reaction on alphabrom
propionic acid.
H
CH3- C - GOOH
Br
CH3- C - GOOH
002^2^5
I
0=G— G - GH3

















In the assumption that cycllzatlon to a four-membered
39
compound will occur according to the Dleckmann reaction ,
(l)
the speculation is that this ester should condense with
oxalic ester, in the presence of sodium ethoxide, to give a
38private communication from Dr. A. ¥. Sloan, Atlantic
Research Corporation, Washington, D. C.
^^auser and Hudson, "Organic Reactions," ed., R.
Adams Wiley and Sons, (New York, 1947)* Vol. I, Ch. 9»
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1,2 diketo cyclolautane ring (II)* Should this be possible, the
product can then be converted to the corresponding dicarboxylic
acid and this latter, upon heating, should be decarboxylated
to give 3, 4-diiaethylcyclobutane-l, 2-dlone. It is further
proposed that on reaction of the cyclic diketone with methyl
magnesium iodide, 1,2,3,4-tetramethylcyclotutane-l, 2-dlol
should be formed* It should then be possible to dehydroxylate
this glycol to the corresponding tetramethyl cyclobutadiene*
40
Wlsllcenus has done an extensive work on the acetoacetic
ester condensation, using ethyl succinate and ethyl oxalate to
prepare ethyl oxalylsucclnate and the corresponding dioxalyl-
succinate. With the former no ketone or ketonic acid was
obtained on hydrolysis; rather, he stated that the compound
was resolved on treatment with aqueous alkali or sulfuric
acid* The dloxalysuccinate, on the other hand, forms a flve-
membered lactone ring when the aqueous solution of its sodium
salt is hydrolyzed with the acid* In this as in other cases,
Wislioenus obtained no cycllzation forming a four^membered
compound*
The facts obtained from the literature appear to indicate
that it is difficult to form a three-and four-membered ring
with the acetoacetic ester method* One very remarkable closure
of a four-membered ring by this method is, however, reported by
4l
Perkin and Thorpe as an intermediate in the production of
^Wislioenus and Nassauer, Ber., 22. 885 (1889)*
^Perkin and Thorpe, J* Chem* Soc** 79* 736 (1901)*
27
ethyl-5 * 5-dlni0thyl-3-katocyclopentane -1:2: 4-trlcar-
boxylate* Apart from this exceptional case, condensations of
this type lnv8n:»iably produce a five-oembered compound.
Cycllzatlons with the Dieckraann reaction are easily
effected with esters having hydrogen on the S - or e - carbon
atom: in such cases the system undergoes an Intramolecular
42
cycllzation. This reaction can be Illustrated by the forma¬
tion of 2-oarboothoxycyclopentanone from ethyl adipate,
39
Oxalic esters have been condensed with the esters of dibasic
acids, like the esters of glutaric acid, but in each case a
flve-membered dlketone has been recorded.
The Investigator finds record of one 1, 2-dlketon0 of the
type suggested in the above proposals. This was prepared by
43
the Lagenbecks as a dimeric product of the energetic
heating of the hydroxy-acid of diphenyl methane.
They gave five possible isomeric structures for the dlketo
product and no conclusive evidence has been given that will
make the 1, 2- structure acceptable.
Further, there is doubt that the Orignard inaction on
the proposed 1,2-diketone, if produced, would fail to disrupt
44
the ring. There is abundant evidence in the literature to
show that the behavior of this reagent on tf.- and/or /?- open-
^^Plnkney, Organic Syntheses. 17. 30 (1937)*
^^Lagenbeck and Lagenbeck, Ber,. 61, 938 (1928),
^^rlckson and Kitchens, J, Am, Chem. Soc,. 68, 492 (1946),
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chain as well as cyclic dlketones is invariably such as to
produce a cleavage. These facts seem to throw doubts on the




Preparation of 2-»Cyano-2~hydroxy-n-Butajae.—Into a three-
liter-three-necked flask fitted with a mechanical stirrer,
a dropping funnel and thermometer was placed 200 ccs of water
in which 475 moles) of crystalline sodium bisulfite
were dissolved. The flask was placed in an ice bath, under
the hood, and the stirrer started. To the solution was added,
drop wise, 650 gms (5 moles) of ethyl methyl ketone at such a
rate that the temperature did not rise above 50"• The
stirring was continued for another one-half of an hour after
all the ketone was added. When white crystals of the sodium
bisulfite addition product of the ketone started to appear,
a saturated solution of 294 gms (5*8 moles) of sodium cyanide
was added gradually to the semi-solid bisulfite adduct and the
stirring continued for another hour. During this latter process
the bisulfite adduct gradually disappeared into solution and a
rather viscous solution was formed. Upon standing, the oily
layer of the crude nitrile was separated from the aqueous
portion which in turn was extracted thrice with little portions
of ether. The ether extract was added to the crude nitrile and
a few drops of cone, sulfuric acid, enough to just neutralize
the base, were added (hood). This neutralization is essential
45
since small traces of the base have been found to completely
^5]iapworth, J. Chem. Soc., 2533 (1928); Ibid 1976 (1930).
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reverse the equilibrium of the system.
The product was then washed twice with water and dried
over anhydrous sodium sulfate (technical) before distilling
under pressure* Yield i 3^2 gms* {6S% theoretical) received
24
at 80 *» 82"/ 5 nan* gave a refractive index Njj m 1.4123*
46
This comijound has been reported in the literature
19
with constants: b. p* 91“/ 20.5 mm; Njj » 1*41525*
Preparation of 2-Cyano-n-butene-2.—Hydroxy nitrile
(198 gms., 2 moles) was dissolved in three times its volume
of dry benzene; this solution was then added dropwise to
99 gms* (2/3 mole) of phosphorus pentoxide which was kept
stirring in some 200 mis. of dry benzene originally placed in
a 2-llter 3-necked flask carrying a reflux condenser, a
mechanical stirrer and a dropping funnel. The reaction vessel
was heated over a water bath, and with continual stirring the
25
benzene solution was kept refluxing for two to three hours*
Upon cooling, ice cold water was added to the solution and
the organic layer extracted as usual. This portion was washed
with 3% sodium carbonate solution and then finally with water.
Upon drying over anhydrous sodium sulfate the benzene free
liquid was distilled with a trace of tertiary butyl catechol.
The olefine (2,5 gms.) was collected at 95*0/ 4 mm; the
24
compound gave the following constants: Np - 1*4350;
b. p. 131“C/738*5 mm. Much of the compound polymerized
^Ultee, Ber., 39 (2), 1857 (1906).
25Kon and Nagrund, loc* clt.
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durlns the distillation. The literature reports the following
constant 124 - 125“c/767 mm.
Preparation of 2-Cyano-»2« 5~dichloro~hutane .—Two moles
(198 gm.) of the hydroxy-nitrile were dehydrated as described
above, over phosphorus pentoxide. Upon separating the organic
from the aqueous layer, the former was washed as usual with
5% sod. carbonate and dried over anhydrous calcium chloride.
Excess dry chlorine was passed through the benzene solution
which was set in an ice-salt bath and in the dark. This
chlorinated product, washed twice with dilute sodium carbonate
was dried over calcium chloride and then carefully distilled
through a fractionating column. The product came over at
45"/S mm. and 60.35 gms. (0.20^ theoretical, calculated on
basis of hydroxy-nitrile used) were collected. The light
yellow slightly oily liquid gave the following constants:
1.4565, 1.4562; b. p. l68‘’/738 mm.
Analysis: Calculated for 0^7NCl2s
Cl: 46.7J^ ; N : 9.2%
Pound: Cl,47,73^ N : 9.02^
47-25^ 9.11%
Preparation of 2-Cyano-2 Monochloro-butane.—To 480 gms.
(4 moles) of thionyl chloride dissolved in 300 mis. of pure dry
benzene in a 2-llter Erlenmeyer flask were added a few drops
of pyridine (hood). To this solution was added, dropwise
and with constant shaking, a solution of 396 gms. (4 moles)
of the hydroxy-nitrile dissolved in 200 mis. of
^"^Bellsteln, 2, 431.
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dry benzene. The solution was warmed on a hot plate under the
hood for one and one-half hours during which time there was a
copious evolution of sulfur-dioxide gas emd the solution turned
dark. Upon cooling 6CX) mis. of Ice cold water was added and
the organic layer extracted as usual and washed four times with
5% Na200T5 solution and finally with water. After drying over
CaClg It was distilled under diminished pressure, 116,5 gms.
(36.3?^ theoretical) being collected at 35Vs mm.
Analysis* Calculated for CgHfiNCl *
Gl: 29.78^ ; 11,11.91%
Pound: Cl, 29^3% i N, 11.62?^
29.96^
Decomposition of Dlacetyl Peroxide In
2-Cyano-2. 5-dlchloro-butane at 105”G»
Preparation of 2,5 dlcyano-5. 4-dlmethyl-2. 3-4. 5-tetra-
chloro hexane.—A solution of 17.2 gms. (0.145 mole) of dlacetyl
peroxide, dissolved In 83.9 gm. of 2-cyano-2, 3-dlchloro butane,
was slowly dropped Into 46,75 gm. of 2, Cyano-2, 3-dlchloro
butane heated to 105"C, and contained In a 500 ml reaction
flask. The addition which lasted nearly an hour, was regulated
so as to secure a fairly slow stream of gas bubbles. Carbon
dioxide (13.54 gm.) was absorbed in soda-lime tubes, eund 2,4
liters of a gas Identified as methane by a molecular weight
48
determination (Mol. wt, CH4 Calc*d : 16,1; found 15.8)
♦The apparatus used in this decomposition was similar to
that described by Mr. V, G, Smith (op. cit.)
^Kharasch, et al,, J, Am. Chem. Soc.. 65. 493 (1943).
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was collected over water at 15*C, The system was then swept
with dry air. On warming the cold traps, 830 ccs. of a gas
identified as usual as methyl chloride (Mol. wt, Calc'd :
50.5» found A6,7) was also collected in the same way.
- A small amount of a low-holling liquid (1.43 65®*)
identified as methyl acetate from it's boiling point (58 - 59° C)
was collected in the cold traps.
The distillation of the residue in the reaction chamber
yielded 86.3 6®* (O.87 mole) of the solvent, at 45°C/4.5 mm.
from the reaction chamber, and 26.7 6®s. of a resinous dark
residue was left. From this residue I.3 gm. of an amorphous
material settled after treatment with acetone, and when re¬
dissolved in a little alcohol 0.9 gms. of slightly yellow
crystals was obtained. This melted at 252 - 5*0 (what
appeared to be decomposition starting at 127*0)•
Analysis: Calculated for Ct«H.qNoC1a*
Cl; 445^ lu ^
Pound: Cl, 38.23^
27.91^
Decomposition Of Dlacetyl Peroxide In
2-Cvano-2-Monochloro butane At 110"C
Preparation Of 2.5~dichloro-2« 5~dieyaho-3. 4 dimethyl
hexane.—A solution of 45 gm. (0.38 mole) of dlacetyl peroxide,
dissolved in 95*2 gm. of 2-Cyano-2-Monochloro butane, was
slowly dropped into 21.3 gm* of the same compound heated to
110*C and contained in a 500 ml reaction flask. The addition
lasted for about an hour and carbon dioxide (25.2 gms.) was
absorbed in soda-lime tubes. A gas (7*15 liters), identified
34
by the usual method as methane, was collected over water at
22" C* On cooling the system was swept with dry air and about
450 ml. of a gas- (apparently methyl chloride) was also
collected when the cold traps were warmed.
A small amount of low-boiling liquid (3*4 gm.) identified
as methyl acetate from its boiling point (53 - 58*C) was
collected from the cold traps.
The distillation of the residue in the reaction chamber
yielded 80*5 (0»68 mole) of solvent at 35-6*/ 5 mm. from
the reaction chamber, and 34.6 gms. of a resinous dark residue
was left. From this residue was collected 1.2 gm. of a
crystalline compound after treatment with acetone and alcohol.
The crystals melted within a range of 247-250*C.






I. A mechanism for the complete synthesis (with necessary
modifications) of 1,2,3,4-totramethyl cyclobutadlene has
been proposed.
2• The first few steps In the proposed mechanism were studied
and results reported.
3« The compound 2-Cyano-2, 3-dlchloro butane has been
prepared and Its constants given.
4. The action of the methyl free radical on this compound
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